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Sampling European Corn Borer (Lepidoptera: Crambidae) Larvae from Seed 
Corn 1 Drying Bins for Bt Resistance Monitoring 
J. R. Prasifka, D. V. Sumerford, R. L. Hellmich, L. C. Lewis and D. D. Calvin2 
USDA-ARS, Corn Insects and Crop Genetics Research Unit, Genetics Laboratory c/o 
Insectary, Iowa State University, Ames, lA 50011 
Abstract. Monitoring for resistance to Bacillus thuringiensis Berliner (Bt) toxins in 
transgenic crops is challenging, in part because alleles conferring resistance appear 
to be rare. Consequently, several complementary methods are used to identify, 
collect and test putatively resistant individuals. A series of experiments conducted at 
commercial seed production facilities explored an alternative sampling method. 
Larvae of the European corn borer, Ostrinia nubilalis Hubner, were collected from 
bins containing Bt hybrid seed corn and their inbred progeny (both F2 and backcross-
F2 larvae) were tested for resistance to the Bt toxin Cry1Ab. Marked, laboratory-
reared 0. nubilalis larvae also were placed beneath drying corn ears to evaluate 
potential contamination of samples by larvae developing on non-Bt corn. Both feral 
and laboratory-reared larvae were used to examine the causes and levels of mortality 
of larvae in drying bins. Screening of larvae on diet containing Cry1Ab failed to 
provide evidence of resistance, although insufficient inbred lines survived to make 
conclusions about the presence of resistance alleles in larvae originally collected 
beneath Bt corn. Both larvae from previously dried non-Bt corn and 0. nubilalis 
moving between adjacent bins are potential sources of contamination of larvae 
collected beneath drying Bt corn. Exposure to conditions inside seed corn drying bins 
for 3 d significantly increased 0. nubilalis mortality. Larvae collected beneath seed 
corn also showed infection by the pathogens Nosema pyrausta (Paillot) and 
Beauveria bassiana (Balsamo) Vuillemin, with significant mortality apparently caused 
by B. bassiana. While contamination and mortality may limit the application of 
sampling beneath drying bins, several modifications could improve the potential utility 
of the technique. 
Introduction 
Transgenic plants containing genes from Bacillus thuringiensis Berliner (Bt) 
bacteria offer a unique tool for insect pest management; crops modified to produce 
Bt-derived proteins (Bt crops) are continuously protected from some insects, whose 
densities may be kept lower than previously possible. However, just as INith 
conventional insecticides, misuse of this technology may lead to development of 
resistant pest populations. Artificial selection in the laboratory has produced insects 
resistant to one or more Bt toxins (Gould et al. 1995, Huang et al. 2002), though such 
1 Zea mays L. (maize) 
2 Department of Entomology, The Pennsylvania State University, University Park, PA 16802 
269 
populations may not always survive on Bt crops (Tabashnik et al. 2003). However 
field-evolved resistance to Bt sprays in populations of the diamondback moth, Plute/1~ 
xylostella (L.), reinforces the assertion that the development of resistance to Bt crops 
is plausible (Tabashnik et al. 1990). 
To reduce the likelihood of pests developing resistance, the Environmental 
Protection Agency (EPA) requires implementation of an insect resistance 
management (IRM) strategy as a condition for commercial release of Bt crops in the 
United States. Resistance management strategies are based on specific knowledge 
about the crop, pests, and area of crop production, along with assumptions about the 
nature of resistance (EPA 2001 ). As a result, specific IRM strategies differ, though 
ongoing monitoring of the frequency of insects with resistance-conferring alleles 
{hereafter, resistance alleles) is currently required as part of all resistance 
management strategies. Effective monitoring may provide beneficial information 
regardless of the specific results. For example, a relatively constant or declining 
frequency of resistance alleles gives evidence that resistance is not developing and 
supplies parameter estimates for the models used in developing an IRM plan. 
Although no experimental control is available, constant or declining frequencies of 
resistance alleles may also be interpreted to suggest other parts of a resistance 
management strategy (e.g., non-Bt refuge plantings) are working. Conversely, 
detection of an increasing frequency of resistance alleles allows remedial measures 
(possibly including the elimination of resistant individuals) to be applied in specific 
areas. 
However, because resistance alleles are thought to be very rare {<10"\ 
monitoring their frequency is a recognized challenge (Venette et al. 2002). Several 
methods to identify, collect and test putatively resistant insects are recognized for Bt 
crops (EPA 2001 ), including (1) grower reports of unexpected damage in Bt crops, 
(2) systematic field surveillance by seed companies, (3) discriminating or diagnostic 
bioassays (Siegfried et al. 2000), (4) the F2 screen (Andow and Alstad 1998, Stodola 
and Andow 2004), (5) crosses with resistant lines produced through artificial selection 
(Gould et al. 1997), and (6) in-field screening with Bt crops (Venette 2000). Because 
of their different inherent strengths and weaknesses, these methods should be 
considered complementary (Venette 2002). 
In this study, the feasibility of extending the concept of in-field screening was 
tested by collecting larvae of the European corn borer, Ostrinia nubi/alis Hubner, from 
beneath Bt seed corn contained in drying bins. Commercial seed corn is dried on the 
ear in bins, resting on sloped, perforated floors. As heated air moves through the 
bins, larvae infesting the corn ears crawl down through the holes in the floors 
supporting the ears, onto the solid concrete floors below. Sampling European corn 
borer larvae from bins with a Bt-female parent increases the likelihood that larvae 
collected were exposed to Bt throughout their development, making them good 
candidates to screen for possible resistance to Bt toxins. To test the hypothesis that 
sampling European corn borers found in Bt seed corn drying bins could help monitor 
rare resistance alleles, separate experiments were designed to (1) collect European 
corn borer larvae and test their inbred progeny for resistance to the Bt toxin Cry1Ab, 
(2) evaluate potential contamination of samples by larvae developing on non-Bt corn, 
and (3) examine the causes and levels of mortality of bin-collected larvae. 
Materials and Methods 
Collections of 0. nubilalis larvae and related experiments were conducted with the 
cooperation of five commercial seed production facilities located in central and 
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tion facilities located in central and 
eastern Iowa near Lone Tree (Syngenta Seeds, Inc.), Marshalltown (Mycogen Corp.), 
Toledo (Pioneer Hi-Bred International, Inc.), Washington (Syngenta Seeds, Inc.), and 
Williamsburg (Holden's Foundation Seeds, Inc.). The cooperating facilities used 
similar procedures to process and dry seed corn. Harvested ears were unloaded from 
trailers and moved by belt-conveyors to mechanical huskers. Subsequent visual 
inspection allowed removal of phenotypically divergent (off-type) or moldy corn 
before the remaining ears were moved to a dryer. Each bin within a dryer was filled 
with ears of a single variety (generally grown at a single location). A continuous flow 
of heated air was directed through each bin by opening and closing a variety of doors 
in the common double- or single-pass systems (Fig. 1 ). Batches of corn were dried 
adequately within approximately 3d, after which the ears were removed for shelling. 
Because seed production facilities operate continuously during the harvest period (to 
avoid losses caused by freezing injury to corn), emptied bins were quickly refilled with 
another variety. Reviews of these and other methods related to processing, drying 
and storing seed corn are provided by Jugenheimer (1976) and Justice and Bass 
(1978). 
FILLING AND EXHAUST 
AIR DOORS 
HOT AIR 
TUNNEL 
TRANSFER 
AIR TUNNEL 
FIG 1. Building cross-section of double- or two-pass drying system. Vertical and 
horizontal arrows indicate flow of heated air. Diagonal arrows point to locations of 
labeled features. (Courtesy of Com States Hybrid SeNice, Des Moines, Iowa) 
Collections and Screening for Resistance. 0. nubi/a/is larvae were collected 
from the concrete bin floors beneath drying Bt-corn ears at the Lone Tree facility on 
, two dates during September 2002. All larvae were collected from beneath corn 
hybrids in which the female parent was the source of the Bt trait. Larvae that were 
moving or responsive to touch were collected individually into small plastic cups. 
After samples were transported to the laboratory, larvae were surface-sterilized by 
submersion for 30 s in a 1.5% solution of sodium hypochlorite before being 
transferred to new cups containing standard, semi-meridic 0. nubi/alis diet (Reed et 
al. 1972). After at least 7 d in an environmental chamber (26°C, 12-h photoperiod), 
individual larvae were transferred to glass tubes capped with wire mesh tops and 
placed into diapause conditions (4 ac, 0-h photoperiod) for at least 120 d. To provide 
moisture, a small piece of filter paper inside each tube was misted with water daily. 
Diapause was terminated by gradually increasing the temperature and 
photoperiod. Larvae completing adult development were individually mated to 0. 
nubilalis from a Cry1Ab-susceptible laboratory colony to produce F1 families. Full-sib 
mass matings of each F1 family generated F2 progeny for use in bioassays. F2 larvae 
were screened for potential resistance using European corn borer diet (Reed et al. 
1972), but with 10% freeze-dried corn tissue from either Cry1 Ab corn (Bt) or non-
transgenic corn (non-Bt) incorporated into the artificial diet. 
Small cups (15 ml) containing 10 ml of diet were used to test larvae in groups of 
five. For each F2 family (mean ± SEM), 27.0 ± 2.2 and 13.6 ± 1.1 cups of diet were 
used for testing with Bt and non-Bt tissue, respectively. Cups were examined for 
larval survival and development after 10 d. Data were subjected to two-way analysis 
of variance (PROC MIXED) with each cup serving as a replicate in the analysis (SAS 
Institute Inc. 1999). Main effects included F2 family and tissue type (Bt or non-Bt). For 
significant interactions between F2 family and tissue type, contrasts were used to test 
for over-all differences among families on each tissue type separately (LSMEANS 
statement, SLICE option). If survival for an F2 family on diet with Bt corn tissue was 
zero, data on larval development for that family were excluded from the analysis. 
Similar screening on diet incorporating Bt and non-Bt tissue was performed for the 
backcross-F2 generation (i.e., F2 adults crossed with a Cry1Ab-susceptible laboratory 
colony with progeny full-sib mass mated) in an attempt to verify any potential 
differences in survivial or development among F2 families. 
Collection and screening of 0. nubilalis in 2003 were similar to the previous year, 
except for two modifications aimed at increasing the number of lines available for F2 
screening. First, sampling was expanded to ten dates during September including 
one or more of the production facilities at Lone Tree, Marshalltown, Washington, and 
Williamsburg. Second, accumulated litter on bin floors, including corn debris (bits of 
silks, kernels and cobs) and insects [mostly 0. nubi/alis or Helicoverpa zea (Boddie) 
larvae], was usually cleaned out just before Bt-corn ears were loaded into each bin. 
Removal of litter was intended to improve sampling by eliminating any 0. nubilalis 
remaining from previously dried batches of non-Bt corn. This also allowed larvae on 
the floors to be more easily seen and collected, and potentially reduced predator- or 
pathogen-induced mortality. When bins were not cleaned before sampling, hybrid 
seed corn with a Bt-female parent had been dried in the previous batch. 
Potential for Contamination. Collections of 0. nubi/alis larvae made beneath 
drying Bt seed corn could be contaminated with larvae from non-Bt seed corn in at 
least two ways. First, larvae from non-Bt corn might survive long enough to be 
collected after a later batch of Bt corn had begun drying in the same bin. Second, 
larvae from adjacent bins of non-Bt corn could crawl on the floor though open air 
doors and into the area beneath drying Bt corn. The potential for both types of 
contamination were tested in single-pass dryers in Marshalltown. 
To test the potential for contamination from previous batches of non-Bt corn, 
cages (n = 30) resilient to larval boring and permeable to air movement were 
constructed from 1.9 x 14.0-cm (nominal1" x 6") boards (front, back and bottom) and 
brass wire cloth (top and sides, 40 x 40 mesh, 2.5-mm wire diameter, McMaster 
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Carr, Elmhurst, IL) with internal dimensions of 25 x 14 x 13 em (Jxwxh). A round door 
(10-cm diameter) was cut in the front of each cage and secured in place using thin 
strips of wire cloth fastened to its outer edge and flared outward. Fifth-instar 0. 
nubi/alis internally marked by a blue dye incorporated into their diet (Hunt et al. 2000) 
were placed into each cage (n = 19-20 larvae per cage). Because litter inside the 
bins might provide shelter for European corn borer larvae, cages were assigned to 
one of three treatments (n = 10 cages per treatment); no litter, 200 ml, or 1 ,000 ml of 
litter added. Cages were arbitrarily placed onto the clean floor (i.e., litter removed) 
beneath a batch of drying corn in a single-pass system. After 72 h, five replicates of 
each treatment were removed and the numbers of living and dead blue 0. nubilalis 
were counted. The remaining cages were removed after an additional 72 h. Possible 
effects of Jitter treatment, time, and a treatment x time interaction on 0. nubila/is 
survival were tested with a two-way analysis of variance (PROC GLM; SAS Institute 
Inc. 1999). Because not all larvae were recovered, the analysis included a weighting 
term equal to the number of larvae recovered per cage. Survival was expressed as 
the proportion of 0. nubilalis per cage which were responsive to touch. 
Larval movement between adjacent bins was measured with a mark-release-
recapture experiment. One group each of laboratory-reared 0. nubi/alis dyed blue or 
red (Hunt et al. 2000) was placed on the center of the concrete bin floors on either 
side of a middle bin, into which no larvae were released. All red or blue larvae found 
in the middle bin were counted and removed 1, 2 and 3 d after marked larvae were 
released. Four replicates were obtained by repeating this procedure twice and 
considering each color as a distinct trial. A 95% confidence interval for the mean 
percentage of larvae moving between the floors of two adjacent bins was calculated 
from the number of red or blue larvae collected in the middle bin relative to the 
number released in each trial. 
Mortality of Larvae from Bins. Mortality of European corn borers found beneath 
drying bins was examined in two ways. First, survival of groups of dyed, laboratory-
reared larvae released into drying bins and later collected was compared to a cohort 
of larvae held in the laboratory. 0. nubilalis dyed blue were released on top of corn in 
three recently filled bins (n = 600 larvae per bin) in double-pass driers, with an equal 
number of larvae dyed red released onto the floor beneath the corn. All marked 
larvae found, living and dead, were collected from the bin floors 72 h after their 
release. After collection, the live, marked 0. nubilalis and a similar number of 
unmarked larvae held in the laboratory were surface-sterilized, allowed to feed on 
diet, and later placed into diapause conditions (as performed with larvae collected for 
Cry1Ab resistance screening). After diapause was terminated, individual larvae were 
monitored until they emerged as adults or died. Mortality in the two groups of larvae 
was compared using the Chi-squared test for differences in probabilities (PROC 
FREQ, CHISQ option; SAS Institute Inc. 1999). Two tests determined whether 
different likelihoods of mortality were seen during the periods between collection of 
larvae and placement in diapause conditions (11 d) and between placement into 
diapause conditions and the date on which the first larva pupated (153 d). 
Second, to estimate the potential contribution of pathogens to mortality of 0. 
nubi/alis larvae collected beneath drying seed corn, larvae collected beneath drying 
non-Bt corn hybrids were tested for infection by Nosema pyrausta (Paillot) and 
Beauveria bassiana (Balsamo) Vuillemin. Up to 30 European corn borer larvae were 
individually collected from two bins at each of three facilities and transported to the 
laboratory where they were stored frozen (-16°C} until tests for N. pyrausta and B. 
bassiana could be completed. The anterior half of each larva was removed and 
placed on an agar plate that supported growth of B. bassiana (Doberski and Tribe 
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1980), and checked 10 d later for the presence of B. bassiana mycelia or conidia. 
The posterior half of each 0. nubilalis larva was homogenized and aliquots examined 
(400x phase contrast microscope) for spores of N. pyrausta (Raun et al. 1960). 
Results 
Collections and Screening for Resistance. Of the 323 larvae collected beneath 
drying Bt corn hybrids in 2002, 167 survived long enough to be placed into diapause 
conditions. Mortality during and after diapause left only 12 adult 0. nubilalis, five of 
which did not successfully mate or produce viable eggs when paired with adults from 
the Cry1Ab-susceptible laboratory colony. 
Larval survival differed among F2 families (F = 11.96; df = 6, 270; P < 0.001 ), 
between tissue types (F = 1 ,345.05; df = 1, 270; P < 0.001 ), but a significant 
interaction between families and tissue type (F = 6.14; df = 6, 270; P < 0.001) also 
was detected. Overall, larval survival was greater on diet incorporating non-Bt tissue 
(mean percent ± SEM; 67.5 ± 1.4%) than Bt tissue (4.9 ± 1.0%). The effect of F2 family on survival remained when larvae reared on diet including Bt (F = 6.29; df = 6, 
270; P < 0.001) or non-Bt (F = 1 0.55; df = 6, 270; P < 0.001) corn tissue were 
evaluated separately (Fig. 2a). Of the seven F2 families tested, the family with the 
greatest survival on Bt tissue also exhibited the greatest survival on non-Bt tissue. 
Development was also significantly affected by the tissue type incorporated into the 
larval diet (F = 435.65; df = 1, 101; P < 0.001), with growth of larvae feeding on Bt 
diet (mean instar ± SEM; 2.03 ± 0.09) delayed relative to larvae feeding on non-Bt 
diet (4.17 ± 0.04). No significant effects of F2 family (F = 2.14; df = 5, 101; P = 0.067) 
or the interaction between tissue type and family (F = 1.60; df = 5, 101; P = 0.167) 
were seen for larval development (Fig. 2b). Subsequent tests on the backcross-F2 generation, (including 14 families derived from F2 families 1, 2 and 5 shown in Fig. 2) 
showed significant effects on larval survival from the type of corn tissue (Bt or non-Bt) 
incorporated into diet (F = 84.32; df = 1, 16; P < 0.001 ), but the effects of F
2 
family (F 
= 2.20; df = 2, 16; P = 0.144) and the family x tissue type interaction (F = 0. 76; df = 
2, 16; P = 0.484) were no longer present. 
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FIG. 2. Resistance screening of bin-derived F2 families of 0. nubilalis. Results shown 
as (a) percentage survival and (b) development after 10 d feeding on diets 
incorporating either Bt or non-Bt corn tissue. All results are shown as least-squared 
estimates of means with associated standard errors. Note development data from 
family 1 excluded because of complete mortality on Bt diet. 
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In 2003, 174 of the 464 larvae collected beneath drying Bt corn hybrids survived 
long enough to be placed into diapause conditions. Visual evidence of fungal growth 
consistent with B. bassiana infection was present on 118 of the 0. nubilalis which 
died within 10 d of collection. After r:gh mortality during and after diapause, only four 
Fo adults (collected from bins as larvat.) remained for sib-mating. Failure to oviposit 
and infertility of F1 or Fz eggs resulted in the loss of the remaining lines. Thus, no 
screening of Fz larvae for Cry1Ab resistance was possible for collections made in 
2003. 
Potential for Contamination. Approximately 97% (573 I 593) of the marked 0. 
nubilalis were recovered from cages placed into the drying bins. Analysis of these 
larvae indicated litter treatment did not impact survival of 0. nubila/is, but increasing 
the amount of time inside the drying bins reduced larval survival (Table 1 ). Overall, 
56.5 and 33.9% (least-squares estimated means) of marked larvae contained in 
cages survived after 3 and 6 d, respectively. 
Table 1. ANOVA Results for Survival Beneath Drying Bins for Caged 0. nubilalis 
Factor dF F P 
Model (overall F-test) 5 6.55 <0.001 
Litter treatment 2 1.66 0.210 
Time 1 25.74 < 0.001 
Litterxtimeinteraction 2 2.01 0.156 
• Error mean square = 0.29, df = 24 
In the mark-release-recapture trials, 29 of the 3,750 (0.77%) marked 0. nubilalis 
larvae were recovered from the center bin (into which no larvae were released). 
Variation among the four replicates generated a 95% confidence interval of 0.4 to 
1.1% for the mean percentage of larvae moving between the floors of two adjacent 
bins. 
Mortality of Larvae from Bins. Similar numbers of live (n = 81) and dead (n = 
82) marked larvae were recovered from the drying bins into which they were released 
72 h earlier. Compared with the group of 0. nubilalis held in the laboratory (n = 71 ), 
mortality of (live) marked larvae during the period between recovery from the bins 
and placement in diapause conditions was significantly higher (1.4 versus 84.0%; x2 
= 104.00, df = 1, P < 0.001 ). Similarly, mortality between placement into diapause 
conditions and the date of the first pupation was higher for larvae exposed to 
conditions inside the drying bins (15.7 versus 46.2%; x2 = 6.24, df = 1, P = 0.013). 
Feral, surface-sterilized 0. nubilalis found in drying bins were tested for presence 
of Nosema pyrausta and Beauveria bassiana, with six groups of larvae (n = 14-30 
each) collected from two hybrids at each of three facilities treated as replicates. The 
mean percentage infection for N. pyrausta was 6.9%, although no infected individuals 
were found for three of the six groups. In contrast, B. bassiana infections were more 
common with at least 10% of the individuals infected in all six groups of larvae. 
Among the collections, the mean percentage infection by B. bassiana was 22.9% 
(Table 2). 
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Table 2. Freguency of Pathogens in 0. nubilalis Collected Beneath Drying Bins 
Pathogen Percent infection (mean ± SE) Range 
Nosema pyrausta 6.9 ± 3.2 0.0-17.2 
Beauveria bassiana 22.9 ± 4.7 10.0-35.7 
a Standard error based on means of six collections at three seed corn facilities (N ::: 
157) 
Discussion 
Sampling larvae from beneath drying Bt corn could be employed as a method for 
both discovery of resistance alleles and monitoring for relative changes in their 
frequency. Resistance allele discovery would rely first on bioassays to distinguish 
resistant individuals, allowing later identification of the specific genetic material 
conferring resistance. Monitoring any identified resistance alleles using samples from 
drying bins would require estimates of both the number of individuals with resistance 
alleles and the size of the 0. nubilalis population where the corn was grown. 
Population estimates could be based on scouting of non-Bt corn near the sources of 
resistant material (i.e., the Bt seed production fields) or from collections of larvae 
beneath drying ears from such non-Bt fields. However, unless estimates of the 
number of resistant individuals (some of which might not be recovered from the bins) 
and the size of the 0. nubilalis population were both accurate, only detection of 
relative increases or decreases over time (but not the precise frequency of resistance 
alleles) would be possible. 
Testing did not provide evidence of resistance alleles in collected 0. nubi/alis 
larvae (Fig. 2). When screened for resistance on diet containing purified Bt toxin, the 
F2 progeny of 0. nubila/is collected in 2002 showed differences in survival and larval 
development, but subsequent testing on backcross-F2 larvae suggests differences 
were not based on resistance to Cry1 Ab. Although the bioassays failed to provide 
evidence of resistance alleles, the number of inbred lines surviving long enough to be 
tested is inadequate to make conclusions about the larger sample of 0. nubilalis 
larvae collected beneath drying Bt corn. Similarly, for collections of 0. nubilalis made 
in 2003, larval mortality and infertility of F1 and F2 eggs prevented any testing for 
Cry1Ab resistance. 
Experiments with groups of marked European corn borer larvae either confined in 
cages or used in mark-release-recapture trials beneath drying seed corn indicate 
potential for contamination by larvae not exposed to Bt corn. Cage studies suggest 
that larvae could survive longer than the average drying time for one or two batches 
of corn, though the percentages of larvae surviving for 3 or 6 d are likely 
overestimates (see below). Movement of marked larvae between the floors of 
adjacent bins over 3 d was estimated at less than 1%. However, for bins containing 
up to 1,900 bushels of unshelled corn, this could represent a relatively large number 
of 0. nubi/alis moving between adjacent bins. Assuming 200 ears per bushel, 1% of 
ears infested with European corn borers, and 0.77% movement of larvae from the 
floors of adjacent bins of non-Bt corn to the area beneath drying Bt corn, 
contamination by more than 70 larvae in a single bin is possible. 
Similar to earlier research on 0. nubilalis survival after harvest (Wilde 1976), heat 
' and disease appeared to contribute to larval mortality. Marked, laboratory-reared 0. 
nubilalis larvae released into drying bins, collected and returned to the laboratory 
showed approximately 50% mortality (82 the of 161 recovered larvae) after 72 h in 
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the dryers, and 60% (49 of 81 larvae collected alive) mortality within 24 h of 
collection. These results likely give more realistic estimates of survival of corn borers 
in drying bins if compared to the cage experiment used to estimate potential for 
contamination (which may be considered an assessment of mortality). The disparity 
suggests that the use of cages overestimates survivorship by providing protection 
from one or more sources of mortality (e.g., desiccation, pathogens, predation) in the 
drying bins. Tests for the infection of larvae by B. bassiana and N. pyrausta indicate 
that pathogens may be common for some samples of larvae. Further, though B. 
bassiana germination is greatly reduced above 30°C (Hywei-Jones and Gillespie 
1990, Hallsworth and Magan 1999), laboratory-reared larvae released into the bins 
for 72 h apparently acquired the pathogen; of the 32 larvae surviving 24 h after being 
returned to the laboratory, nine showed visual evidence of B. bassiana infection, 
dying within 10 d. 
~!though potentially difficult to implement during the busy harvest period, several 
straightforward modifications could reduce contamination of 0. nubi/a/is collections. 
Removing litter, including European corn borer larvae, from the floors of bins 
previously used to dry non-Bt corn would reduce contamination from previous 
batches of corn. However, after removal of litter from several bins in 2003, relatively 
high numbers of 0. nubi/alis collected beneath subsequent batches of Bt corn 
suggest that larvae remain even after an apparently thorough cleaning. Therefore, 
using one or more bins for drying only Bt corn would likely be a more effective way to 
prevent contamination from previous batches of corn. To limit movement of larvae 
from drying non-Bt corn to the floors beneath batches of selected Bt corn, drying Bt 
ears could be positioned (continuously or temporarily) in groups of adjacent bins. 
However, the potential for some contamination by 0. nubi/alis developing on non-Bt 
corn (off-type corn or the non-Bt parent) in the field and moving onto ears of Bt seed 
corn cannot be eliminated by modifications to sampling in seed drying bins. 
Other solutions to limit the problems of 0. nubi/alis mortality and contamination 
could also minimize the inconvenience to seed production facilities during the harvest 
period. For example, drying bins could be used at lower temperatures with corn from 
sentinel plots after commercial seed harvest is completed. Also, some cobs from 
non-Bt corn still contain 0. nubi/alis larvae after shelling; cobs from Bt corn may also 
conceal 0. nubi/alis larvae, which could be held until any surviving corn borers 
emerged. However, the simplest way to reduce mortality of collected larvae may be 
the use of an agar-based medium to maintain diapausing larvae until pupation (Davis 
1983). Though sampling from drying bins as a replacement for existing methods does 
not appear feasible, adoption of practices to reduce mortality and contamination 
could preserve its potential to be used as a complementary technique for resistance 
monitoring. 
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